Abstract-High penetration of Grid by various energy resources leads to intermittent voltage and frequency variations. To smoothen out these variations and to integrate energy resources to the grid, this paper proposes a multi-input matrix converter topology to integrate the ac and dc energy resources to the grid. This matrix converter is based on the indirect matrix converter operating in the reverse boost mode. The reverse boost mode is preferred over the forward buck mode, since most of the energy resources have voltages lower than the grid voltage. The proposed matrix converter consists of nine switches providing six input terminals, there by a three phase AC source and three DC sources can be integrated to the grid. This proposed scheme guarantees sinusoidal input and output current waveforms and proper power dispatch to the grid.
I. INTRODUCTION
Recent advancements in distributed generation and micro grids lead to integration of various energy resources and energy storages to utility grid. The ac energy sources include wind energy conversion system, diesel generator, micro turbines, flywheel energy storage system. The dc type includes photo voltaic (PV) panel, fuel cells and ultra capacitors [1] . Among the above, renewable energy resources like photovoltaic, wind energy conversion systems are uncontrollable and outputs are influenced by environmental and weather conditions such as solar radiation, wind speed, etc. Numerous penetrations in the grid by various energy resources lead to voltage and frequency variations in the grid.
To smoothen these variations, the energy resources are integrated together, such that their characteristics complementing each other. Integrating resources together leads to higher certainty level and helps to meet better grid codes [2] . Such integration can be done by using power converters. Each energy resource requires individual power converter and for latter, the sources share a common grid side inverter. Using individual power converter for each source may increase the semiconductor switch requirements and hence the cost. This also requires an electrolytic capacitor in the dc link which leads to problems of premature failure and increase in size of the conversion system.
In general, the dc-link capacitor is avoided by using a single stage indirect matrix converter (IMC) [3] [4], whose fictitious dc link makes it flexible for extension of topology [5] . But the problem with the indirect matrix converter is its input-to-output gain is limited to 0.866. Hence IMC is not applicable for integration, as most of renewable energy resources have voltages lower than the grid voltage. So we propose here a versatile multi-input matrix converter which provides the following advantages.
• Requirement of semiconductor switches for integration are reduced • If isolation is not a case of concern, passive step up transformer is not necessary for integration. Unlike conventional Voltage Source Converter, the proposed topology consists of a nine switch voltage source converter (NVSC) and bidirectional current-source inverter (CSI). The entities are connected together by a fictitious dc link. The NVSC provides six input terminals for connecting a three phase ac source and three dc sources as shown in Fig. 1 . The current path for channeling the power to the grid is provided by bidirectional CSI. Switches of the Bidirectional CSI should be capable of conducting and blocking in both directions. It is realized using two sets of IGBTs with series diodes connected in opposite direction. The circuit comprises of a clamp circuit for safety reasons. The clamp circuit includes a diode and a small foil capacitor in series at the fictitious DC link.
B. Modulation of CSI.
Theoretically, the output CSI can impose a selected line voltage across the dc link. The selection of voltage depends on the six active states and the three null states entering the CSI. The nine switching states of CSI are shown in the Fig. 2 . Considering the sextant 1(-π/6≤θ≤π/6) of CSI, voltage V ab or V ac is imposed on fictitious DC link, depending on the active states entered.
C. Modulation of NVSC
An ac modulating reference V rA and a dc modulating reference V rR is needed for the modulation of NVSC. A common triangular carrier wave V tri is shared by both the reference waves. It is necessary to vary the slope according to the state durations to produce the different dc link voltages applied across the NVSC. The variation in slope is directly proportional to duty ratios of the active states. 
III.CONTROL ALGORITHM
The purpose of the control scheme is to ensure proper power dispatches to the grid with the help of modulation references. The implementation of the control schemes for generation of the references are explained below.
A. Control of NVSC ac Terminals
As the VMC do not have DC link capacitor unlike other usual matrix converter, it is not necessary to control the DC link. The power can be regulated in both input and output side. For the input side, the reactive power is set to zero, to achieve unity power factor. Similarly in grid side, the power factor angle is shifted to zero for unity power factor.
The block diagram for the NVSC ac source control is shown in Fig. 4 . The phase angle θ is obtained from Phase Locked Loop (PLL) by sensing AC input voltages. The current i d and i q are regulated using two Proportional integral (PI) controllers. The current id is regulated by commanding current i d * which is decided with the help of Maximum Power Point Tracking (MPPT). On the other hand for i q , the command i q * is set to zero to achieve unity power factor. The resultant PI outputs are then converted to ABC frame and the modulation references are generated. The Modulation reference for the phase A is shown below. With the above mentioned control schemes, the proposed VMC can be used with wind energy generator, solar energy system and multiple energy storage systems to integrate them to grid. The energy resources should be chosen such that their characteristics complementing each other.
IV.SIMULATION
The proper integration of the sources is ensured by simulating the system in MATLAB/SIMULINK and the waveforms are validated. A three phase AC source of 440V, 50Hz and three separate DC source of 220V each are integrated to grid using NVSC. The simulation block diagram of the entire system is shown in the Fig 6(a) and the NVSC subsystem is shown in Fig 6(b)   Fig. 6(b) . SIMULINK model of NVSC subsystem.
V. SIMULATION RESULTS
The waveform of input ac voltage is shown in Fig.7 
